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Process for regulating the exposure time of a light 

sensor 

DESCRIPT ION 



The present invention relates to a process for regulating 
5 the exposure time of a light sensor. More particularly, 
the invention relates to a process for regulating the 
exposure time of a light sensor according to the variation 
of luminosity in the work environment in which the sensor 
is located. ^ A \ 

10 Throughout the present description and the attached claims, 
with the term: "light sensor", it is intended to indicate a 
Q light-sensitive optical element capable of converting a 

p light signal, contained in a incident light beam, in an 

gl analogic electrical signal proportional to the light 

^ 15 intensity of the light itself. In particular, the light 

ja sensor transforms the light image of an illuminated object 

^ into an electronic image thereof, in order to allow the 

carrying out of further operations of image processing, 
SJ such as for example those connected to the reading of an 

JSl 20 optical code located on the object. 

In the following, reference to light sensors of known type 
will be made, for example CCD or CMOS sensors, both linear 
and of matrix type. 

As is known, a drawback associated with light sensors at 
25 present available on the market is correlated to the fact 
that their operation is strongly influenced by the 
variations in luminosity of the surface on which the image 
to be acquired is to be found (such surface can be more or 
less clear and more or less illuminated) . In particular, 
30 the resolution of the image acquired by the sensor (that is 
the richness of details detected in the image acquired by 
it) considerably varies according to the variation of the 
luminosity of the surrounding environment and of the 
surface to be acquired: highly illuminated environments can 



as such create conditions of strong overexposure or 
saturation (little contrast) of the image on the sensor, 
whilst badly illuminated environments can create conditions 
of strong under-exposure (excessive dark) in the image on 
the sensor. In both cases, the image acquired by the 
sensor appears badly exposed and not very clear, therefore 
making it impossible to detect details having small sizes. 

In particular, with reference to the reading of an optical 
code, the acquisition on the sensor of an image of an 
optical code having a low resolution is often undesired 
because it renders the subsequent operations of 
localization, reading and decoding of the code itself very 
approximate and rough; this is absolutely unacceptable 
where it is necessary to carry out a correct decoding of 
the code in order to unequivocally identify the object 
having the code thereon. 

The drawbacks associated with the acquisition of an image 
having low resolution can be overcome by suitably 
regulating the exposure time of the sensor according to the 
variations of luminosity of the surrounding work 
environment and of the surface to be acquired. In 
particular, where an increase in luminosity occurs in the 
work environment, it would be advisable to set a shorter 
exposure time on the sensor, in order to avoid the risk of 
generating conditions of saturation of the acquired image; 
viceversa, in the case where a decrease in luminosity 
occurs in the work environment, it would be advisable to 
set a higher exposure time on the sensor, in order to avoid 
the risk of generating conditions of under-exposure of the 
acquired image. 

The majority of light sensors at present available on the 
market allow to set an exposure time by choosing it between 
a range of values, more or less extensive, each differing 
the one from the other by descrete amounts; such values are 
stated by the manufacturers of the sensors. 
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The technical problem at the basis of this invention is 
that of making available a process which is able to carry- 
out, automatically, an optimal regulation of the exposure 
time of a light sensor according to the variations of 
5 environmental luminosity conditions, so that the image 
acquired by the sensor is at the same time rich in details 
(that is, it is well exposed) and not saturated. 

The present invention therefore relates to a process for 
regulating the exposure time of a light sensor, 
10 characterized in that it comprises the following steps: 

-a) setting the exposure time of the sensor to a value 
selected in a first range of M prefixed values defined 
between a minimum value and a maximum value; 

-b) acquiring the image of an object onto the sensor, such 
15 image comprising a plurality of luminous pixels; 

-c) analyzing the image acquired for detecting the level of 
luminosity of the same; 

-d) comparing the detected level of luminosity with a 
prefixed higher (lower) global threshold level 
20 representative of a condition of overexposure (under- 
exposure) of the image; 

-e) varying the exposure time of the sensor and iteratively 
repeating the previous steps until an optimum exposure time 
equal to a higher (lower) exposure time is found, among the 
25 ones set, for which the image presents a level of 
luminosity smaller (greater) than the prefixed higher 
(lower) global threshold level. 

We are talking therefore about a process for selecting an 
exposure time which is thought to be optimum, and that is 

30 which avoids conditions of strong saturation of the image 
on the sensor in the presence of an increase of the 
environmental light and, at the same time, conditions of 
under-exposure of the image in the presence of a decrease 
of environmental light. Advantageously, finding the right 

35 exposure time occurs by successive approximation, each time 
evaluating whether the image presents an undesired 



characteristic which results to be too much elevated (such 
as for example the excessive saturation or under-exposure) 
and suitably varying the exposure time of the sensor so as 
not to provoke the arise of such characteristic; it is 
therefore possible to regulate in real time the light 
sensor according to the variations of luminosity of the 
surrounding environmental and of the surface to be 
acquired . 

More in particular, where the characteristic evaluated is 
the excessive saturation, the optimum exposure time found 
is, advantageously, the maximum possible exposure time 
compatible with the absence of conditions of saturation of 
the image; this allows to assure an elevated resolution of 
the image acquired on the sensor, without provoking its 
saturation . 

In alternative, where the characteristic evaluated is the 
excessive under-exposure, the optimum exposure time found 
is, advantageously, the minimum possible exposure time 
compatible with the absence of conditions of under-exposure 
of the image; this allows to avoid the risk of having, on 
one side, images which are too dark and without details 
and, on the other side, blurred images (for example, in the 
case in which the reader is of a portable or manual type) . 

The duration of the process depends on the number of values 
of exposure time which the sensor can assume. 
Advantageously, from this set of values a smaller range of 
M values is chosen, which are thought to be particularly 
interesting; this allows the end of the process of 
determination of the optimum exposure time of the sensor to 
be reached quicker. 

In accordance with the invention, step d) of comparison 
between the detected level of luminosity and the prefixed 
higher (lower) global threshold level comprises the 
following steps: 

-dl) verifying if the level of luminosity of the 



acquired image is greater (smaller) than the prefixed 
higher (lower) global threshold level, and: 

-dll) if such verification has a positive result, 
decreasing (increasing) the exposure time of the sensor and 
iteratively repeating the previous steps starting from b) 
until an optimum exposure time is found when, 
alternatively : 

-dlla) the value of the exposure time set is the 
minimum (maximum) of the range of prefixed values; 

-dllb) the value of the exposure time set is such that 
the image presents a level of luminosity smaller (greater) 
than the prefixed higher (lower) global threshold level. 

On the contrary, if the verification of step dl) has a 
negative result, the following steps are carried out: 

-dl2) increasing (decreasing) the exposure time of the 
sensor and iteratively repeating the previous steps 
starting from b) until an optimum exposure time is found 
when, alternatively : 

-dl2a) the value of the exposure time set is the 
maximum (minimum) of the range of prefixed values; 

-dl2b) the value of the exposure time set is such that 
the image presents a level of luminosity smaller (greater) 
than the prefixed higher (lower) global threshold level. 

The estimation of the presence or not of conditions of 
saturation or under-exposure occurs therefore by means of a 
simple and fast algorithm of calculation, based on a simple 
comparison with the prefixed global threshold level. 

Preferably, step c) of analyzing the image for detecting 
the level of luminosity of the same comprises the following 
steps : 

-cl) generating a signal representative of the level of 

luminosity of each pixel of the image acquired by the 
sensor; 

-c2) verifying subsequently if the signal generated in 
correspondence of a current pixel is greater (smaller) than 



a prefixed higher (lower) local threshold level 
representative of a condition of overexposure (under- 
exposure) of the analyzed pixel, and; 

-c21) if such verification has a positive result, 
accumulating the contribution of each current pixel and 
iteratively repeating the previous steps starting from c2) 
for the following pixels; 

-c22) if such verification has a negative result, 
releasing the current pixel and iteratively repeating the 
previous steps starting from c2 ) for the following pixels; 
-c3) verifying if the sum of the contributions 
accumulated is greater (smaller) than the prefixed higher 
(lower) global threshold level of the image, in such case 
carrying out step e) , otherwise repeating the previous 
steps starting from c2) . 

Advantageously, the above mentioned steps allows to make 
the process of the invention reliable and robust. In fact, 
the evaluation of the level of saturation (under-exposure) 
of the image is independent from the characteristics of 
luminosity of smallest regions (pixels) of the image; on 
the contrary it happens on the basis of the contributions 
of all of the saturating pixels. This allows to avoid the 
risk of evaluating the level of exposure of all the image 
according to the level of exposure of a small portion of 
it; such risk would mean the setting of exposure times 
which would be such that they lead to an acquisition of 
undecodable images, in which, for example, the region 
containing the optical code to be read would be immersed in 
the darkness while the small saturating portions (due to 
reflections, luminous spots etc...) would be uselessly well 
exposed . 

Preferably, step c) of analyzing the image acquired by the 
sensor comprises, in turn, the following steps: 
-ci) analyzing, in a period of time "n", the image 

acquired by the sensor exposed with an exposure time T n _i 
set in the time "n-1"; 
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-cii) setting, in the time "n", a new exposure time T n in 
order to acquire on the sensor an image which is destined 
to be analyzed in the time "n+1" and proceeding with steps 
d) and e) ; 

5 -ciii) iteratively repeating the previous steps starting 
from cl ) . 

A typical characteristic of sensors is that of presenting a 
certain delay between the time in which the exposure time 
is set and the time in which the image acquired by means of 
10 such setting can be analyzed; this results in a lengthening 
of the time necessary for determining the correct exposure. 
Advantageously, the setting of a new exposure time during 

p the analysis of the image acquired with the previously set 

exposure time allows, hence, to minimize the time needed 

p% 15 for determining the optimum exposure time of the sensor. 

y[J Preferably, the value of the new exposure time T n set in 

fSJ step cii) is greater (smaller) than the value T n _i 

s previously set. In fact, such setting simply has a 

H; predictive meaning, which could therefore be right or 

hj 20 wrong. 

I 

*0 Where the characteristic evaluated is the excessive 

^ saturation, the times set in all of the predictions are 

longer than that previously set, trusting that the analysis 

of the image does not cause saturation; if such prediction 
25 comes true, the image will be validly exposed to a correct 

exposure time, otherwise it would be necessary to decrease 

the exposure time of the sensor. 

In a very similar way, where the characteristic evaluated 
is the excessive under-exposure, the times set in all of 

30 the predictions are shorter than that previously set, 
trusting that the analysis of the image does not cause 
under-exposure; if such prediction comes true, the image 
will be validly exposed to a correct exposition time, 
otherwise it will be necessary to increase the exposition 

35 time of the sensor. 
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Preferably, once the optimum exposure time has been found, 
the following steps are carried out: 

-f) defining a second range of values of exposure time 
comprising Q prefixed values between a new minimum value 
5 and a new maximum value found among the M values of the 
first range of values and close to the value of the optimum 
exposure time previously found; 

-g) repeating the previous steps starting from a) until a 
new optimum exposure time is found; 
10 -h) iteratively repeating the previous steps starting from 
f ) , each time defining ranges of values of exposure times 
shorter and shorter, which are close to the optimum 
exposure times previously found. 

o 

jD It is therefore possible, mainly when there is time 

15 available for determining the optimum exposure time, to 
111 reiterate at will the process of the invention with the 

objective of searching the most accurate optimum exposure 
time. The number of reiterations carried out depends on 
the time one has available. 

20 In accordance with a preferred embodiment of the process of 
the present invention, the time necessary for finding the 
optimum exposure time can be notably reduced if the 
analysis of the image acquired by the sensor is carried out 
only on a limited portion of the image itself. It is 
25 therefore possible, in equal time, to carry out several 
reiterations of the process of the invention, so obtaining 
ever more accurate exposure of the image acquired by the 

Further features and advantages of the process of the 
30 present invention will be more clearly apparent from the 
following detailed description of some preferred 
embodiments, with reference to the attached drawings. In 
such drawings , 

figure 1 shows a flow diagram of a first embodiment of 
35 the process of the present invention; 
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figure 2 shows a flow diagram relative to a numeric 
example of the process represented in figure 1; 

figure 3 shows a flow diagram relative to a numeric 
example of a preferred embodiment of the process in figure 
5 1; 

figure 4 shows a flow diagram relative to a numeric 
example of a second embodiment of the process of the 
present invention; 

figure 5 shows a flow diagram relative to a numeric 
10 example of a preferred embodiment of the process 
represented in figure 4; 

- figure 6 schematically shows a circuit for the 
generation of a comparison signal used in the process of 
0 the present invention. 

5; 15 The process of the invention allows, by successive 

y = 

flj approximations , the determination of an optimum exposure 

time according to the variations of luminosity of the 
m surface on which the image to be acquired is to be found 

^ and of the environment in which the light sensor is located 

Cj 20 (for example, a CCD or CMOS sensor, whether linear or of 
yj matrix type) . 

The process begins with the setting of an initial exposure 

IS- 5 

time in the sensor equal to a value chosen in a first range 
of M prefixed values which are defined between a minimum 

25 value and a maximum value. Advantageously, the M values 
are a subset, thought to be particularly interesting, of 
the whole of the settable values of exposure times for the 
sensor in question and are stated by the manufacturer. In 
the examples shown in the figures attached, the values of 

30 exposure time chosen are eight and are, in fractions of a 
second: 1/30, 1/60, 1/125, 1/250, 1/500, 1/1000, 1/2000, 
1/4000 . 



35 



Once an initial exposure time is set, an 
illuminated object is acquired by the sensor, 
an object with an optical code to be read. 



image of an 
for example, 
Such image is 
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analyzed by means of a simple algorithm of calculation in 
order to determine its level of luminosity and compare it 
with a prefixed higher or lower global threshold level, 
representative of an undesired characteristic of the image, 
for example, a condition of overexposure (saturation) or 
under-exposure of the image on the sensor. 

In particular, on the basis of the result of the above 
mentioned comparison, the exposure time is regulated on a 
suitable chosen different value and the process is 
reiterated so as to find, after a certain number of 
reiterations, an optimum exposure time. 

The logic of the research of the optimum exposure time 
carried out by the algorithm of calculation of the 
invention is that of finding, by successive approximations, 
the exposure time for which the presence of the undesired 
condition is manifested and, subsequently, of setting as 
optimum time the value of time more closer to that found, 
for which the acquired image does not present the undesired 
characteristic . 

More in particular, where the chosen global threshold level 
is a signal representative of a condition of excessive 
overexposure (saturation) of the image acquired by the 
sensor, the algorithm will verify at each reiteration if 
the level of luminosity of the acquired image is greater 
than said threshold level (in this case it will be a higher 
threshold level). If such check has a positive result, 
this means that the image on the sensor exposed with that 
determined exposure time will be overexposed, for which 
therefore a smaller exposure time should be set and the 
comparison is iteratively repeated for the new exposure 
time set. The reiteration of the process continues in its 
search for the optimum exposure time and stops when the 
exposure time set is the highest, amongst the ones set in 
the various iterations, for which the image presents a 
level of luminosity smaller than the prefixed higher global 



threshold level or, alternatively, 
exposure time set is the minimum 
prefixed values. 



when the value of the 
within the range of M 



If on the other hand the check has a negative result, this 
means that the image on the sensor exposed with that 
determined exposure time is not overexposed, and so a 
greater exposure time is set and the comparison is 
iteratively repeated for the new exposure time set. The 
reiteration of the process continues in its search for the 
optimum exposure time and stops when the exposure time set 
is the highest, amongst the ones set in the various 
iterations, for which the image presents a level of 
luminosity smaller than that of the prefixed higher global 
threshold level or, alternatively, when the value of the 
exposure time set is the maximum value within the range of 
M prefixed values. 

Figure 2 shows an example of embodiment of the above 
disclosed method. In such figure with SAT is indicated the 
presence of saturation, while SAT indicates the absence of 
saturation. Note how the algorithm allows to determine the 
optimum exposure time in four iterations and such time is 
the longest possible exposure time compatible with non- 
saturation of the image. 

Figure 1 shows an illustrative flow diagram of the process 
above described. At each prefixed exposure time is 

associated an index (index__TE) which is variable from 0 to 
M-l respectively (the index 0 is associated to the longest 
exposure time, while the index M-l is associated to the 
shortest exposure time) , where M is to the power of 2 and 
is equal to the number of values of prefixed exposure time 
(in the examples shown M=8 ) . 

The above considerations are applicable in dual mode to the 
case in which the chosen global threshold level is a signal 
representative of a condition of excessive under-exposure 
of the image acquired by the sensor (see figure 4). In 
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such case, at each iteration a check of whether the level 
of luminosity of the acquired image is smaller than the 
said threshold level (this time it will be a lower 
threshold level). If such check has a positive result, 
5 this means that the image on the sensor exposed with that 
determined exposure time is underexposed, for which a 
greater exposure time is set and the comparison is 
iteratively repeated for the new exposure time set. The 
reiteration of the process continues in its search for the 
10 optimum exposure time and stops when the exposure time set 
is the lowest, amongst the ones set in the various 
iterations, for which the image presents a level of 
luminosity greater than the prefixed lower global threshold 
«j level or, alternatively, when the value of the exposure 

hf 15 time set is the maximum value of the range of M prefixed 

0^ values. 

Fy 

/pL If, on the other hand the above check has a negative 

|J1 result, this means that the image on the sensor exposed 

jL,. with that determined exposure time is not underexposed, and 

SJ 20 so a lower exposure time is set and the comparison is 

^ iteratively repeated for the new exposure time set. The 

reiteration of the process continues in its search for the 
y3 optimum exposure time and stops when the exposure time set 

is the lowest, amongst the ones set in the various 
25 iterations, for which the image presents a level of 
luminosity smaller than the prefixed higher global 
threshold level or, alternatively, when the value of the 
exposure time set is the minimum value of the range of M 
prefixed values. 

30 Figure 4 shows an example of embodiment of the above 
mentioned method. In such figure with UNDER EXP is 
indicated the presence of under-exposure , while with 
UNDER EXP is indicated the absence of under-exposure 
Note how also in this case the algorithm allows to 

35 determine the optimum exposure time in four iterations and 
such time is the shortest exposure time possible compatible 
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with the non-underexposure of the image. 

With the objective of making the process of the invention 
reliable and robust, the evaluation of the level of 
saturation (or under-exposure) of the image occurs by 
5 analyzing the levels of luminosity of a plurality of pixels 
forming said image. In particular, the analysis of the 
luminous image includes first of all the generation of a 
representative signal of the level of luminosity of each of 
the pixels which form the above mentioned image and, 
10 subsequently, a comparison of the luminosity of the single 
pixels with a prefixed local threshold level representative 
of a condition of saturation (or under-exposure) of the 
p same pixels. Each time the signal representative of the 

^ pixel currently analyzed is found to be greater (smaller) 

ixl 

15 than the prefixed local threshold level, the contribution 

fU of such pixel is accumulated on a storing element and the 

next pixel is analyzed until the sum of contributions 

yi stored exceeds the prefixed global threshold level. 

1^ Otherwise, if after having analyzed all the pixels of the 

Cj 20 image the global threshold is not exceeded, it is 

considered that there is not saturation (or under- 
lie 

fJJ exposure ) . 

■ 

Figure 6 shows a circuit for the generation of a signal 
destined to control the change of exposure time because of 
25 the presence of excessive saturation or under-exposure 

Essentially this includes two comparative circuits 
comprising a generator of voltage Vcc, a resistance R and a 
condenser C destined to accumulating a determined charge 
each time there is saturation of a pixel. In this figure, 
30 with VIDEO is indicated a electric signal proportional to 
c= ~~~ the level of luminosity of the current pixel, -with- 

-e^ obal^thrQGhold — t-fre — el e ctric — signal — proportion-a-1 — to — 
— undesir o d — fehrcohold — level of — luminosity — — pixel and with 
global_threshold the electric signal proportional to the 
35 undesired threshold level of luminosity of the entire image 
are respectively indicated. 
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The VIDEO signal of each single pixel is compared to the 
prefixed local threshold level and, each time such VIDEO 
signal is greater than said undesired local threshold 
level, a charge is accumulated in the condenser C. When 
the voltage at the ends of the condenser exceeds the 
undesired global threshold level, the SAT (or UNDER EXP) 
signal is generated which indicates the presence of 
excessive saturation (or under-exposure) in the image and, 
therefore, the necessity of setting a different exposure 
time. Each time a different exposure time is set the 
charge accumulated in the condenser C is reset for 
proceeding to the analysis of the acquired image with the 
new exposure time having just been set. 

The sizing of the resistance R and of the condenser C and 
the choice of the global threshold level mean that there is 
saturation (or under-exposure) only when a certain 
percentage of pixels of the image .go into saturation (or 
under-exposure) . Therefore, once R and C are fixed, by 
varying the global threshold level the percentage of pixels 
which must saturate (or which must be underexposed) for 
bringing to a reduction (or in the case of under-exposure , 
an increase) of the exposure time of the sensor is 
selected . 



In an embodiment of the process of the present invention, 
the fact that all the sensors present a certain delay 
between the time in which the exposure time is set and the 
time in which the acquired image by means of such setting 
can be analyzed, should be taken into account. This means 
that the time which is necessary for the determination of 
the optimum exposure time is longer. 

The process of the invention includes, advantageously, the 
setting of a new exposure time T n in a period of time "n" 
whilst the image acquired with the exposure time T n -i set in 
a previous period of time M n-1" is analyzed (see figures 3 
and 4, where in each circle, the value at the top indicates 



the exposure time currently set (the effect of which will 
be available in the following period) , while the value at 
the bottom indicates the exposure time set in the previous 
period and currently analyzed) . 

As a consequence, the decision to change the exposure time 
of the sensor is taken in a determined period "n" analyzing 
the image acquired with an exposure time T n -i set in the 
previous period "n-1". In order to minimize the global 
time for determining the optimum exposure time, in such 
period "n" a new exposure time T n is set on the sensor 
destined to produce an image to be analyzed in a following 
period "n+1". The value of the new exposure time T n set 
has a meaning of simple prediction, which could be correct 
or wrong. 

Where the characteristic evaluated is the excessive 
saturation, the times set in all of the predictions are 
longer times than that previously set, trusting that the 
analysis of the image does not cause saturation; if such 
prediction should come true, the image will be validly 
exposed to a correct exposure time, otherwise it will be 
necessary to decrease the exposure time of the sensor. 

In a similar way, where the characteristic evaluated is the 
excessive under-exposure , the times set in all of the 
predictions are shorter times than that previously set, 
trusting that the analysis of the image does not cause 
under-exposure ; if such prediction should come true, the 
image will be validly exposed to a correct exposure time, 
otherwise it will be necessary to increase the exposure 
time of the sensor. 

Figures 3 and 4 show with a thicker border the final stages 
of the process in which the optimum exposure times have 
been found. It is possible to note how, in the best case 
where the predictions are all correct, the final result is 
available after only four exposures, whilst in the worst 
case of all the predictions being wrong, eight are 
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necessary; in all probability, it is possible to calculate 
that on average the determination of an optimum exposure 
time can be reached in six exposures. 

In accordance with a preferred embodiment of the process of 
the present invention, if there is sufficient time 
available for the determination of optimum exposure time, 
it is possible, once an optimum exposure time among the M 
prefixed values has been found, to reiterate at will the 
process of searching for a new optimal exposure time which 
is more accurate. Such search is carried out by selecting 
a second range of Q prefixed values of exposure time 
between a new minimum value and a new maximum value and 
close to the optimum exposure time previously found. 

For example, let us suppose that we have determined 1/500 
( index__TE=4 ) as optimum exposure time amongst the eight 
values indicated above; it is possible then to define a new 
range of eight values of exposure time close to 1/500 among 
which we can search for a more accurate exposure time. For 
example, it is possible to select as new minimum value and 
new maximum value of the new range respectively 1/1000 and 
1/250 and, similarly with the prefixed values for the first 
search, the new values of prefixed exposure time would be 
the following: 
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Exposure time (s) 


Associated index 


1/1000 


7 


1/750 


6 


1/625 


5 


1/500 


4 


1/437 


3 


1/375 


2 


1/312 


1 


1/250 


0 



This process can be reiterated at will according to the 
time available for obtaining a well exposed image. 

The lengthening of the time for determining the optimum 
exposure time due to the reiteration of the process can be 
contained if, instead of analyzing the entire image in 
order to establish if saturation (or under-exposure) is 
present, such analysis is limited to a limited portion of 
the same. 

The most sophisticated sensors in fact allow a portion of 
sensor dimensionable at will to be analyzed; the time of 
analysis of such portion depends on its size but in any 
case is smaller than that necessary for the analysis of the 
entire image. With such sensors it is therefore possible, 
in egual time, to carry out more iterations of the process 
of the invention, so obtaining an exposure of the acquired 
image from the sensor which is more and more accurate. 



